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^ ; Abstract 

. The process of gluon production in quark-nucleus collisions is studied in the framework of Lipa- 

tov's effective action formalism. The relevant simplifications and rules for longitudinal integrations 
are discussed in detail. The results obtained with the help of these rules correspond to the purely 
r S^ ■ transversal formalism based on effective vertices in the transversal space. 

1 Introduction 

43 ; 

In the framework of the perturbative QCD, in the Regge kinematics, particle interaction can be de- 
CN ■ scribed by the exchange of reggeized gluons which emit and absorb real gluons and also may split 
into several reggeized gluons. Emission of real gluons from reggeized gluons is described by vertices 
introduced in [1] for non-split reggeons ("Lipatov vertices") and in [2] for split reggeons ("Bartels 
vertices"). Originally both type of vertices were calculated directly from the relevant simple Feyn- 
man diagrams in the Regge kinematics. Later a powerful effective action formalism was proposed 
by L.N. Lipatov [3j, which considers reggeized and normal gluons as independent entities from the 
start and thus allows to calculate all QCD diagrams in the Regge kinematics automatically and in 
a systematic and self-consistent way. However the resulting expressions are 4-dimensional and need 
reduction to the final 2-dimensional transverse form. This reduction is trivial for tree diagrams but 
becomes less trivial for diagrams with loops. 

In the paper of two co-authors of the present paper (M.A.B. and M.I.V.) [1] it was demonstrated 
that the diffractive amplitude for the production of a real gluon calculated by means of the Lipatov 
effective action and based on the Reggeon — > one or two Reggeons and Particle (R— ?-R(R)P) vertices, 
after integration over longitudinal variables, goes over into the transversal expression obtained via the 
Lipatov and Bartels vertices ("BFKL-Bartels formalism"). However in the process of reduction to the 
transverse form a certain prescription had to be used to give sense to divergent integrals. 

The total inclusive cross-section off the nucleus, apart from the diffractive contribution, contains 
a contribution from intermediate inelastic and possibly coloured states. This latter contribution has a 
structure different from the studied diffractive one. In particular, for the double scattering and in the 
lowest order, with which we limit ourselves here, a part of it is constructed as a square modulus of tree 
production amplitudes with the same R— ^R(R)P vertices, so that the loops only appear at the stage of 
the formation of the cross-section itself. Correspondingly the longitudinal integrals which appear have 
a more complicated structure as compared to the diffractive contribution. In this paper we study this 
part of the non-diffractive contribution. We show that after integration over longitudinal variables 
it also coincides with the result obtained with the help of Lipatov and Bartels vertices directly in 
the transverse space [5] provided a certain part of the R— >RRP vertex is dropped. This part was 
demonstrated to be absent in a particular kinematics, relevant for the inclusive cross-section [6]. 
Our result confirms that the restoration of the unitarity contribution from the triple discontinuity of 
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the amplitude, which can be proven for the total cross-section, remains valid also for the inclusive 
cross-section. 

Note that a second part of the non-diffractive contribution corresponds to the product of tree 
amplitudes and amplitudes with a loop. The study of this 'single cut' contribution requires knowledge 
of a more complicated R— )>RRRP vertex and is postponed for future publications. 

In our derivation we use a simplified picture, in which both incident and target particles are 
quarks. Also, we restrict ourselves to the double scattering and lowest non-trivial order of perturbation 
expansion. 

2 Inclusive production off the nucleus 

We start with reviewing the Glauber picture of gluon production off the nucleus of atomic number 
A coming from the double scattering on the nuclear components. This derivation closely follows the 
original one in [7] (see also a later presentation in [8]). There one can find a detailed description of 
the separation of the nuclear part, which is briefly repeated in the following. Our specific goal is to 
pass to light-cone variables and cm. system for the high-energy part and find the kinematical region 
of momenta relevant for the calculation of the inclusive cross-section. The corresponding diagram is 
shown in Fig. [TJ The blob H corresponds to the high-energy part. The part belonging to the nucleus 
is indicated by nucleon propagators attached to the high-energy blob. For the inclusive cross-section 
the blob H is to be cut in the center but this is not shown, since in fact we have to take its imaginary 
part above the cut corresponding to the variable M 2 = (k + 1\ + li — p) 2 > having the meaning of the 
missing mass squared for gluon production. So we may start from the blob itself. Separation of the 




Figure 1: Inclusive production off the nucleus 

nuclear part is standardly done in the nuclear rest system (lab. system), in which the total nucleus 
3-momentum Al is zero. Individual nuclear momenta have their components 

li = l + \i, I'^l + X'i, l = (m-e,Q), (1) 

where m is the nucleon mass, e — > the binding energy per nucleon and where Aj = A^ for i > 3. 
In the nucleus A^o ~ e and X iz ~ Ajj_ ~ y/me. So |A»o| << \\\ « lo and similarly for the primed 
momenta. 

Now we turn to the high-energy blob H. It is a Lorenz invariant function of nuclear momenta 
depending on A 2 and products kl\,kl2,k\ and pl\,pl2,pX where A = l[ — l\ = I2 — V^. In the lab. 
system we find kl\ — kfo — kl, pl\ ~ pl^ — pi and do not depend on nuclear momenta at all. The 
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only dependence comes from kX, pX and A 2 . Taking into account that Ao << X z — > and that 
k± , p± < < k z , p z — > oo we find that in fact the only relevant variables are 

kX = -k z X z , pX = -p z X z , (2) 

so that the high-energy part depends only on X z via (kX) and (pX): H = H{X Z ) = H(pX, kX). 

The separation of the nuclear part then easily follows. We have (A — 1) independent nuclear 
momenta, which may be chosen in a different manner. First we perform integrations over zero- 
components, taking as independent variables A2o,A 20 ,Ajo, i>3. Integration over A^o, i > 3 is done 
automatically when we take the cut, which puts these nucleons on the mass-shell. The dependence 
on A20 and A 20 is assumed to be contained in four propagators for the active nucleons 1 and 2. The 
vertex for the decomposition of the nucleus as a whole into free nucleons is assumed to be independent 
of zero-components, which physically corresponds to absence of essential retardation in the nucleon- 
nucleon potentials. Then integration over A20 and A 20 is done trivially and gives two denominators, 
which together with the above mentioned vertex form the product of nuclear wave functions in the 
momentum space 

\A{A - I2, ». I2, (3) 

(the coefficient is easily determined from the comparison with the baryonic nuclear form-factor at zero 
transferred momenta). Integration over the 3-momenta of spectator nucleons 3,. ..A converts this into 
the density matrix for the two active nucleons 

l A{A-l)^p(\ u h\^\' 2 ). (4) 

Z. fit 

Next step is integration over the transverse momenta of the active nucleons Z2_l^ij_ and l' 2± 
with 

h± + l2± = l'i± + l' 2 ±- (5) 
The high-energy part is independent of these transverse momenta. We present 

2n5\l 1± + l 2± - l' 1± - l> 2± ) = J l^x-Hsx-^-^) (6) 

and pass to the transverse coordinate space in the density matrix. We get (suppressing the dependence 
on z-components) 

J_ / TT d \d% TT d 2 x i d 2 x' i d 2 be ib ^ +l ^- 1 '^- 1 '^ 
(2vr) y J ,_ L 1 A „ ,. xx . 



i=l,2 i=l,2 

d 2 b 



e-ixi^x-waiax+i^iix^iixp^^^la./ a/) = f < ±l p {p ih \^ h ), (7) 

J 2ir 

We are left with integrations over the z-components li z ,hz and X z with the high-energy part 
depending only on X z . So our expression for the amplitude is 

. x (2vr) 3 f d 2 bdli z dh z dX z „. , ,,,,,,,,, , , 

A = A(A — lY-^-L- J £ f z H(X z )p(b, l lz - b, l 2z \b, l lz + A 2 ; 6, l 2z - X z ). (8) 

Again we pass to the coordinate representation for the density matrix as a function of z-components 
of momenta to obtain 

A = ^4 ~ ^ I d 2 bdX z U{X z )dz x dz 2 e lX ^-^\{b,z x -b,z 2 \b,z x -b,z 2 ). (9) 
47rm J 

This is our final expression. Integration over z\ — z 2 is carried out along the path passing through the 
nucleus of the average length ~ Ra ~ A 1 / 3 and large in the limit A >> 1. Correspondingly the order 



4 



of essential values of X z is ~ A" 1 / 3 . Taking the imaginary part we obtain the inclusive cross-section 



as 



(2ir) 3 da _ 1 T _ A _ A(A - 1 
d 3 p s 



JmA=-[ - I d 2 bd\ z lmH(\ z )dzidz 2 e iX *( Zl - Z2) p(b, zi;b, z 2 \b, Zl ;b, z 2 ). (10) 

A-kitls J 



F / d 2 bT 2 (b), (13) 



In fact the high-energy part normally contains a pole at X z = [B] , so that its imaginary part 
can be presented as 

lmH(X z ) = F6(X z ) + C(X z ). (11) 

The term with S(X Z ) gives the standard Glauber contribution corresponding to multiple collisions of 
the incident particle on the nucleons located at large distances between one another. Integration over 
X z gives : 

^— s = — -a F / d 2 bdzidz 2 p(b,zi;b,z 2 \b,zi;b,z 2 ). (12) 

d 6 p At-Kvns J 

If we neglect nuclear correlations and factorize the density matrix (|12p transforms into the standard 
Glauber expression 

(2Tr) 3 da _ A(A - 1) 
d 3 p Airms 

where Ta(P) is the standard nuclear profile function 

T(b)= J dzp(b,z). (14) 

For A >> 1 this Glauber contribution has order A 4 / 3 . The non-singular part C(X Z ) gives a contribution 
corresponding to the scattering of the incident particle on two nucleons located at the same point. 
Indeed at X z — > one can take C(X Z ) out of the integration over X z in ([9]), so that this integration 
gives 2tt5{z\ — z 2 ). At A >> 1 the resulting contribution has order A and and can be neglected as 
compared to (112j) . So the leading Glauber term is determined by the contribution to H{X Z ) singular 
in the limit X z —¥ 0. 

In fact we shall find out that the situation is more complicated. Many of our contributions to 
Im H(X Z ) will contain terms proportional to 5(X Z — f3(q±)) under the sign of integration over transverse 
momentum q± of the exchanged reggeons. In the limit when the energies of both the projectile and 
observed gluon tend to infinity all j3 tend to zero, so that one finally obtains a non-zero contribution to 
the Glauber cross-section. However one finds that (3 diminishes either with the energy of the projectile 
or with the energy of the observed gluon, much smaller than the former: 



/>(*0 - ^ or K Q± ) ~ ^1 
s xs 

with x = p + 1 k + < < 1 . Put in (Ti~0|) this introduces an oscillating factor into the integrand 

2 2 

At very large s this factor turns to unity. This happens when 

RA m& << L 
xs 

In the following we shall assume that this condition is fulfilled. Then we can neglect all terms depending 
on the transverse momenta as compared to A in the integrands. In particular we can neglect p- = 
—p\/2p + where it enters with A_ = —X z j\[2 and integration variables. 

Function H(X Z ) = H(pX, kX) can be calculated in any system and in the cm. system k z + l z = 
k± = l± = in particular, using the fact that the relevant scalar products are Lorenz invariant. For the 
calculation it is instructive to see the relative orders of all scalar product on which H depends. They 
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are (kp), (kl), (pi), (kX) and (pX). We define the longitudinal momenta as a± = ao ± a z . In the lab. 
system, denoting the ± momenta with tildes, we have l± = m, X± = ^X z , so that A_ = —X z (^/s/m) 
The total energy squared is s = 2(kl) = k+l- = k+m, from which we find k+ = s/m and then 
p+ = xs/m. We also have k_ = and p- — mp^/xs. Furthermore 

s\ = (k + pf = 2(kp) = k + p„ = s 2 = (p + I) 2 = p+l- = xs, (16) 

(as expected s\S2 = — P±s). We assume all the three s, s% and S2 large, which requires x << 1. Using 
the order of X z in the lab system we find Aj_ = so that kq =~ s \j^i anc ^ PQ = ~ xs \[^i ^° we nave 
relative orders 



kx rr kx i rr kx sx rr px rr px rr pX s rr 

kl V m ' pi x V m ' kX p^ym' kl V m ' V jti ' j>p m 



In all cases the limit A^, — > is obtained taking e/m —> and therefore neglecting (kX) and (pX) as 
compared to (kl), (pi) and (kp). 

This fixes the rules for calculating the high-energy part H. Assuming for simplicity that the 
nucleus consists of quarks, one can take the two initial target quark momenta equal to I, the two final 
momenta of the target quark as I + A and I — X with Aj_ = A+ = 0. Under assumption (|15h one can 
neglect all terms depending on the transverse momenta ( p_ in particular) as compared to A_ and 
"-"-components of integration momenta. Since these terms contain k + or p + in the denominator, this 
also corresponds to taking the limit k + ,p + — > oo in the final formulas. Then one has to take the limit 
A —7- leaving only terms singular in this limit. 

3 Non-diffractive contribution to the inclusive gluon production 
from R— >R(R)P vertices: the diagrams 

In the framework of the effective action [3], in the lowest order the non-diffractive inclusive cross- 
section on two scattering centers ("nucleons") generated by the R— ?>R(R)P vertices is given by the 
square modulus of the sum of five production amplitudes, shown in Fig. [2]and denoted as A,B,C,D and 
E. In the first four the number of reggeons does not change and the gluon is emitted by the R— t-RP 
vertex. In Fig. the number of reggeons changes and the gluon is emitted by the R— ?-RRP vertex. 
In the kinematical region qi-,q2- ~ A_ >> p_ essential for the inclusive cross-section, the diagrams 
A— D give only contributions to the production amplitude proportional to 5(qi-) or 5(q2~) and the 
diagram E contributes the rest [§]. However, alternatively one can include diagrams A— D as a whole 
but then one has to exclude a part of the contribution from diagram E containing the principal part 
of the pole contribution at q\ t 2- =0 [6]. We shall use the latter approach and discuss this point in 
the next section. 

Taking the square modulus of the sum of these production amplitudes gives rise to 25 scattering 
amplitudes cut in the center, which are shown in Figs. [3H3 For interference diagrams only half is 
shown, the other half given by their complex conjugates. Note that the total contribution of these 
amplitudes to the cross-section includes also discontinuities across other cuts passing through only 
one of both targets. They involve the R— )-RRRP vertex and, as mentioned in the Introduction, will 
be considered in a separate publication. 

As mentioned, for simplicity we model the two nuclear components by a pair of quarks or a pair 
of quark and antiquark with momenta l\ and I2 over which one has to integrate with the nuclear wave 
functions. Both qq and qq targets lead to the same result. Here we will consider factors general for 
all these diagrams. 

We choose q\, g 1; l\ and Z 1 as integration variables. In the following we define (see Figs. [3H3for 
notations) 

X = l x — l\=li — 1%, q\=q\~X, q 2 = q2 + X, q=p + qi+q2 (18) 
with A + = A 1 =0. 



I. 




E 

Figure 2: Gluon production amplitudes off two targets 

We work in the Regge kinematics, so that the longitudinal components of our momenta should 
obey: 

k+ > P+ ~ q+ > h+ ~ h+ ~ l[+ ~ l' 2 + ~ <7i+ ~ <?2+ ~ q'i+ ~ q' 2+ , (19) 

?i_ ~ l'_ ~ fe- ~ ^2- ^ P- ~ 31- ~ 92- ~ Si- ~ q' 2 - ~ (20) 

The quark masses are assumed to be equal to zero and we can put k- = k± = Zj+ = = for i = 1, 2 
Each transversal momentum is assumed to be much smaller than the larger of the longitudinal one. 
Factors corresponding to the two target quarks, projected onto colourless states, are 

27r 2A^ ((Zl + ,7l)2) ^ 27T &f^ m2 + q2)2) (21) 

We are interested in terms singular in A_. 

The total number of longitudinal integrations is, obviously, four. However three of them are 
removed by the mass-shell conditions for real particles: 

(k-q). = --^—, (l 1+qi ) + = - , (l 2+q2 ) + = - f± . (22) 

{k-q)+ {h + qi)- (h + q2)- 

The last two conditions fix gi+ and q 2 +. From the first we find g_ and from this relate q\- + q 2 - = 
(q — p)- ~ — p- We also have q[ = h + qi — 1'\ and q' 2 = l 2 + q 2 — V 2 an d the emitted gluon momenta are 
(from the right) q — q±, q — q\ — q 2 = p and q — q\ — q 2 + q{. Thus we are left with a single longitudinal 
variable for which we choose q±-. So in our formulas momentum integrations are: 



/ d 2 qi±d 2 q 2 ±dq 1 - 4 1 4 , (23) 

J Qi 1 q% 1 



where we used that in our kinematics l\- = l 2 - = 1-/2 = yfs/2, q' 1± = q±± and q' 2± = q 2 ±- 

4 Contribution from the R— >RRP vertex (diagram Fig. [3]) 

We start with the diagram in Fig. [31 which comes from the product of production amplitudes (E) ■ (E)* 
The product of reggeon propagators (apart from those included into the weight) in our approximation 
reduces to l/qj_. It depends only on the transversal components. The factor corresponding to the 
projectile quark k is: 

27rg 2 5((k - q f)k 2 + . (24) 
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Figure 3: Contribution from two R— >RRP vertices 



The R— 7-RRP vertex q — >■ qi + q 2 + p was derived in [1]. It consists of two parts: 

v = v 1 + v 2 , 



where 



and 



V 2 = ig 2 



f abld f 



id tb^cd 



(q-qi) 2 + i 



ab^d ib\cd 



Ql- 



(q - qi^l 



fab2 d f 



2 r 



:{q+(q,tl) - [(?-«!, e* 



(g ~ 9i) 

(g - gg) 
pi 



: (p,*I)]} 



(25) 
(26) 
(27) 



(g - g 2 ) 2 + «0 

It is convenient to split the terms in each of the parts V\ and V 2 into two terms depending on their 
singularities in gi_ and g 2 _ respectively. Take V\. In the second term in the brackets we present the 
product l/qi-[(q — qi) 2 + iO] as 



1 



1 



gi_[(g - gi) 2 + iO] q + a\q 1 --a-iO a[(g - gi) 2 + iO] gi_(g-gi 



1 



+ 



1 



^2 ' 



where 



a = (g - gi)i/g+- 

Combining terms with the same singularity in gi_ we find 

V 1 = W 1 +R l , 

where 



W X = ig 2 



q+q± 



(g - gi) 2 + iO 



B(p,g 2 ,g 1 )e ± r 01 ' 1 / 



afeia! f b 2cd 



and 



^i = -ig 2 ^L(p,g 2 )e ± r bld / fecd 

gi- 



Here the transverse spatial vectors B and L are the Bartels and Lipatov vertices respectively: 

g2) 



p p + q 2 s T , . 

— -7— — ^2", B(p,g 2 ,gi) = L(p + g 2 ,gi, 



p± (p + g 2 ) 



(28) 
(29) 
(30) 

(31) 
(32) 



and we use q — q± = p + q 2 . Production amplitudes corresponding to the two terms W% and R\ are 
schematically illustrated in Fig. (5J A similar representation for V 2 is obtained by interchanging the 
target quarks. 

As mentioned, the study of the production amplitude in the framework of the effective action and in 
the kinematics gi )2 - >> p~ demonstrates that to get its correct parts, symmetric and antisymmetric 
with respect to the change q\ «->■ q 2 , one should drop the contribution of R\ 2 but include diagrams 
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Figure 4: Two parts W and R of the R— t-RRP vertex 



A,...,D [6j. So considering the contribution from the R— )-RRP vertex we restrict ourselves to the 
contribution from from Wx )2 only. 

Taking the square modulus, this contribution is a sum four parts, symbolically 

(Wi) • (w x y + (w 2 ) ■ (w 2 y + (w x ) ■ (w 2 y + (w 2 ) • (Wi)*. (33) 

Obviously, the second term is obtained from the first one and the fourth term from the third one by 
the interchange A — > —A. So it is sufficient to calculate (Wx) ■ (Wi)* and (Wx) ■ (W 2 )*. 

Different parts carry different color factors. Combining with (27) the total color factor for the part 
(Wi) ■ (Wx)* is 

N 2 - 1 

c » = -mr- < 34 > 

For the part (Wx) ■ (W 2 ) it is twice smaller: 

N 2 - 1 

c - - < 35 > 

i. (Wi) ■ (wy* 

Neglecting the dependence on qx- of the target, the remaining dependence comes from the denom- 
inators of the two virtual gluon propagators 

Dx = (q - qx) 2 + i0 (36) 

and 

D 2 = (q- q'xf -iO = (q- qi + A) 2 - iO. (37) 
The integral over the longitudinal variable is 

hi = f dqx-j- 2 / — — = I(-q, -q - A). (38) 

J ((q - qx) 2 + iO)((q - qx + \) 2 - iO) 

Here for future use we define 

1 



I(pi,P2) = J dqx 



((9i +Pi) 2 + M)((qi +p 2 ) 2 ~i0) 



If 1 

Bi , Bo, J dqi ~~{ ' (9i+Pi)i . - n \7 i i (?i+P2)i Z ~ ' l, >j! 

^1+^2+ J i qi _ + pi _ _| + ? • px+J \qx- + P2- H -t0-p 2 



When px+p 2 + > in (|39|) . the two poles in qx- lie on the opposite sides of the real axis. Taking the 
residue we find 

rf \ 2v ™ -sign(pi+) 

P1+P2+ _ pi _ + pa+ ; -L - _ ? o • sign(pi+) 

When P1+P2+ < 0, the two poles in q X - lie on the same side of the real axis and the integral equals to 
zero. 
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For ([38]) we use q' l± = q±±, so (q — qi)\ = (q — q'i)\, and also assume (as always in the Regge 
kinematics) q~ « q±-, then 

liri 1 

In = /(-«, -9 - A) = — . .. . (41) 

q+ — A_ + tO 

The result has a pole at Ai = and will give a non-zero contribution to the inclusive cross-section. 

2. (wi) • (w 2 )* 

The difference from the term (Wi)(Wi)* is in L>2, which is now changed to 

D 2 = (P + </i) 2 -iO = (p + qi- A) 2 - »0. (42) 

We get an integral 

/i2 = /(-9,p-A) = 0, (43) 

which is equal to zero since both poles are located in the upper half-plane. 
3. 

The total contribution from W\ j2 is given by the sum iWi) ■ iW\)* + (A — > —A). We find 

(Wi) • (WxY + (A -)• -A) = 4^ 2 ,5(A_) ( 7lB 2 (p, q 2 , (44) 

Supplying all the rest factors and using the relation between A_ in the cm. system and X z in the lab. 
system we get for the factor F in the high-energy part coming from the product |(W)i + (VK)2| 2 

in^ 2 -l f d 2 qi±d 2 q 2 ± 1 „ 9/ , . 

F ''^'1ri U)« ^ B (p,B,a) - (45) 

This is the same expression which follows in the purely transversal BFKL-Bartels approach. 

5 Contributions from the R— >RP vertex 

This contribution comes from the diagrams in which the number of reggeons does not change and 
the gluons are emitted by the Lipatov verices. It is generated by the square modulus of the sum of 
production amplitudes (A) + (B) + (C) + (D) in Fig. [2]). It can be split into a direct part SCO "CO*! 
I = A, B,C, D and the interference part XX0"(J)*' I ^ J = A, B,C, D. The factor corresponding to 
the projectile quark k is 2irg 4 5((k — q) 2 )k\. 

5.1 The direct part 

Diagrams corresponding to products (A) ■ (A)* and (C) • (C)* are shown in Fig. [5j The other two 
corresponding to products (B) ■ (B)* and (D) ■ (D)* are obtained by the interchange of target quarks 
1 and 2, which reduces to the change A — > — A. So they need not be studied separately. 
1. (A) ■ (A)* 

The product of reggeon propagators and R— )-RP vertices, summed over polarizations of the ob- 
served gluon, gives 

g^^t^HP^Mil (46) 



where vector L is the Lipatov vertex f)32[) . 
The colour factor is found to be 

(N 2 - l) 2 

c " = -imr ■ (47) 

The dependence on q\_ comes from the virtual quarks propagators with the denominators 

Di = (k-q 2 ) 2 +i0= (k+p-q + qi ) 2 +i0 (48) 

and 

D 2 = (k- q' 2 f - iO = (k+p-q + qi - A) 2 - iO. (49) 
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Figure 5: Direct diagrams with two R— >-RP vertices 



Integration over gi_ gives 

2iri 1 

Iaa = I(k+p- q,k + p- q - X) = + (50) 

where the relation q' 2 j_ = g 2 _i_ is used. 

2. (c) • [cy 

The reggeon propagators and vertices are obtained from (fl6j) by the change — )• <?2,^2 and 
q[, b[ — )• q'2,b' 2 . The dependence on qi_ comes from the denominators in the virtual quarks propagators: 

D l = {k-p- q 2 f + i0 = (k - q + Ql ) 2 + i0, (51) 

D 2 = (k-p- q' 2 ) 2 - i0 = (k - q + q x - A) 2 - i0. (52) 
We get the longitudinal integral 

/„,_/(* -A) -^5^. (53) 

3. 

Taking into account that the contributions from (B) ■ (B)* and (D) ■ (D)* are obtained from those 
from (A) ■ (A)* and (C) ■ (C)* respectively by the change A — > —A we find 

(A) ■ (A)* + (B) ■ (BY = 8ngi%-k„k + ^^5(\„) [ , \ L 2 ( P , gi )- (54) 

iV c J (ZTT) Ql±Q2± 

The contribution from (C) • (C)* + (D) • (D)* is obtained from by interchanging gu_ <-)■ q>2±- So 
we finally get for the contribution to the high-energy part 

m(N 2 -l) 2 f d 2 qi±d 2 q 2 ± 1 t2/ 
F 2 = 47rm S g lo V c Af „ ; / q £ J 2± 4 4 L 2 (p, gi ). (55) 



iVf 7 ( 2vr )4 

In the integrand we find the product of two Lipatov vertices. The same result is obtained in the 
BFKL-Bartels approach. 

5.2 Interference contributions from \(A) + (B) + (C) + (D)\ 2 
The 12 interference contributions from \(A) + (B) + (C) + (D)\ 2 is the sum 

(A) ■ (By + (A) • (cy + (A) • (Dy + (c) • (b)* + (c) • (£>)* + (b) ■ (d)*, 

the diagrams for which are shown in Fig. [6] and its conjugates. Obviously, (B) ■ (D)* is obtained from 
(A) ■ (C)* by the interchange of target quarks, that is, the change A — > —A. The same interchange 
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Figure 6: Interference diagrams with two R— >-RP vertices 



transforms (^4) • (D)* into (B) • (C)* = [(C) • (£?)*]*, which amounts to changing A — > —A and taking 
conjugate. So it is sufficient to consider 4 diagrams (A) • (B)*, (A) • (C)*, (A) • (£>)* and (C) • (D)*. 
1- (A) • (B)* 

The product of reggeon propagators and R — > RP vertices is 



The colour factor is 



g 2 f aiblC f a '^ c Mp,qi)M P ,q' 2 ). 

Cab = 0. 



(56) 
(57) 



The dependence on gi_ comes from the denominators in the virtual quark propagators, which are D\ 
from (08]) and 

D 2 = (k- q[) 2 -i0 = (k- qi + A) 2 - iO. (58) 



We get the longitudinal integral 



I AB = I(k + p-q,-k-X) = 0. 



(59) 



2. (A) ■ {cy 

The product of reggeon propagators and R— )>RP vertices is the same as for (A)(B)*. The colour 
factor is 

N 2 - 1 

°« " -SST- (60) 

The dependence on gi_ comes from the denominators D\ from (|48p and 

D 2 = (k-p- q' 2 ) 2 - iO = (k - q + qi - X) 2 - iO. 

We get the integral 

2?ri 



(61) 



-T/1C = I(k+p- q,k- q- A) 



1 



(62) 



where we neglected the term p_ as compared to A_ in the denominator. In the limit k + — > oo this 
develops a pole at A_ = and will give a non-zero contribution to the inclusive cross-section. 



12 



3. (A) ■ (D)* 

The product of reggeon propagators and R —> RP vertices is the same as for the term (A) ■ (A)* 
6|). The colour factor is 

N 2 - 1 

itor «»> 

The denominators are D\ from (|48|) and 

D 2 = {k - q + 4) 2 " »0 = (fc - p - 9i + A) 2 - »0. (64) 

We get the integral 

/ad = I(fc + p-g,-fc+p-A) = 0. (65) 

4. (C) • (£>)* 

The product of reggeon propagators R— >RP vertices is the same as for (C) • (C)* The color factor 
is given by (|57p and equal to zero. The dependence on q\- comes from the denominators D\ from 
(J5l"j) and Z?2 from We get the integral 

I C D = I(k-q,-k + p-\) = 0. (66) 

5. 

As a result, interference contribution comes from diagrams 



(A) ■ (cy + (A -» -A) 



+ c.c. 



Supplying all the rest factors we find 



F3 = -2vr^ -^-y (2?r)4 ^ L(p >gl )L(p >ft ). (67) 

In the integrand there naturally appears product of Lipatov vertices. The same result follows from 
the BFKL-Bartels approach. 



6 Interference between the R— >RP and R— > RRP vertices 

It corresponds to 4 diagrams (E) ■ [(A)* + (B)* + (C)* + (D)*] shown in in Fig. [7] plus 4 conjugated 
diagrams [(A) + (B) + (C) + (£?)] • (E 1 )* We consider only diagrams shown in Fig. [3 Obviously, 
(£") • (B)* and (E 1 ) • (£))* are obtained from (E) ■ (A)* and (E) ■ (C)* respectively by the interchange 
of the target quarks which is realized by the change A — > — A. So it is sufficient to consider only two 
diagrams (E) ■ (A)* and (E) ■ (C)*. 

Factors corresponding to the target quarks and the R— > RRP vertex V are common to all the 
diagrams and can be borrowed from (121j) . (j26[) and (|27p . The spin-momentum part of the factor 
corresponding to the projectile quark, also common for all the diagrams, is given by 

-27rg 3 5((k-q) 2 )kl. (68) 

As mentioned, we neglect contributions coming from parts R\2 in V± 2, which are absent according 
to [6] and study the contributions coming from parts W\ 2 only. 
1. TO • (A)* (Fig. El) 

The product of reggeon propagators and R — > RP and R — > RRP vertices is 

ig 3 f a bldfb2 c df e b [c g+ B (p, 92 , 9l)L(p, (69) 



The colour factor is 



iV c 2 -l 



Figure 7: Interference between the R— >-RP and R— > RRP vertices 



The dependence on qi_ comes from the denominators in the vertex W±: 

Di = (q - qif + iO (71) 

and the virtual quark propagator: 

D 2 = (k-q 2 ) 2 -iO = {k+p-q + qx - \f - iO. (72) 
We get the longitudinal integral 

I 1A = I(-q,k + p-q-X) = Q. (73) 

2. (Wi)-(C)* (Fig[7l3) 

The product of reggeon propagators and R — > RP and R — > RRP vertices is 

ig 3 f a bldfb2 c df e b ' 2 c _ Q+ _ _ B(p? ?i)L(p> ? / ) (74) 

The colour factor is 

iV 2 - 1 

c - = -mr- < 75 » 

The dependence on q\^ comes from the denominators in the vertex W\ and the virtual quark 
propagator: D\ from ([7T]) and 

D 2 = (k-p- q' 2 f - iO = (k - q + qi - A) 2 - iO. (76) 

We get the longitudinal integral 

I lc = I(-q,k-q-X) = 0. (77) 
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3. (W 2 ) • (A)* (Fig. El) 

The product of reggeon propagators and R — > RP and R — > RRP vertices is 

ig 3 f a b2dfblcdf e K c q -± T -—B(p, qi ,q 2 )L(p, q[). (78) 

The colour factor is 



N 2 - 1 



The longitudinal integral is 



2m 1 

I 2A =I(p,k+ P -q-X) = - — — g -g . (80) 

9+ K + 

At both k + ,p + — > oo this gives a non-zero contribution to the inclusive cross-section. 
4. (W 2 ) • (C)* (Fig. EJ3) 

The product of reggeon propagators and R — > RP and R —> RRP vertices is 

ig3f a b2dfbicdf e b ic q -±2—B(p, qi ,q 2 )L(p, q' 2 ). (81) 

[q - q2) z + 

The colour factor is 

N 2 - 1 

C 2C = — (82) 

The longitudinal integral is 

2m' 1 

he = I(P, k — q — X) = — - ^ (p+g2) , (83) 

At k + ,p + — > oo we get a non-zero contribution to the inclusive cross-section. 
5. 

The total contribution from interference terms between (W± 2) and (A) + (B) + (C) + (D) is given 

by 

(W 2 ) ■ [(A) + (C)]* + (A ->■ -A) + c.c. (84) 
Supplying all the necessary factors we find the contribution to the high-energy part 

F 4 = -27rmsg 10 ^— - f A \ B(p, q 2 , gl ) (L(p, gl ) - 2L(p, g 2 )) . (85) 

iV c 7 (2vr) 4 g 1± ?2± V 7 

It coincides with the contribution obtained in the BFKL-Bartels approach. 



7 Conclusions 

The main result of this paper is that after all longitudinal integrations and with a certain restriction 
on the emitted gluon energy, the inclusive cross-section for gluon production can be obtained directly 
from the purely transverse BFKL-Bartels picture with the use of standard Lipatov-Bartels vertices, 
as was done in [5] on intuitive grounds. This circumstance may be very important for calculation of 
inclusive cross-sections in more complicated cases (such as nucleus-nucleus collisions), where avoiding 
longitudinal integrations may lead to substantial simplifications. To get our result it has been essential 
that the R— )>RRP vertex depending on longitudinal variables and found by the direct application of 
the effective action approach consists of two parts W and R. These two terms in their sum correctly 
describe the part of the amplitude which does not contain ^-functions in the transferred "energies" 
qi t 2-- The latter are supplied by the corresponding part of the contributions from the double reggeon 
exchange. However, alternatively, one can take the contribution from the double reggeon exchange as 
a whole, substituting by it the part R from the R— ?-RRP effective vertex. Once this substitution has 
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been done, the contribution coming from the remaining part W together with contributions from the 
R— >HP vertices exactly coincides with what is found in the transverse space BFKL-Bartels approach 
and thus fully confirms its validity. 

Note that in our paper [Jj this result required the principal value prescription for the integration 
of certain singularities in longitudinal integrals. In fact these singularities only appear in the part R 
of the R— )-RRP vertex. So if one drops this part altogether the principal value prescription, external 
with respect to the effective action formalism, becomes redundant. 

We finally note once again that the found contribution is only a part of the total non-diffractive 
inclusive cross-section The rest comes from intermediate states with only one of the targets and requires 
knowledge of the R— J-RRRP vertex. The study of the latter is in progress. 
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